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(57)Abstract: 

PURPOSE: To provide a synthesizing method for a high quality diamond free from non-diamond component such as graphite, 
diamond-like carbon, etc. 

CONSTITUTION: After treating a base plate with plasma of a compd. containing carbon or mixture of a compd. containing 
carbon and hydrogen while impressing biased negative voltage to the base plate, a diamond is formed on the base plate by vapor 
deposition method by using a gas whose ratio of oxygen atom/ carbon atom is ≥0.3 or the mixture of the gas and hydrogen as 
raw material. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Quality when this invention is said still in detail about the synthesis method of a diamond, there are few 
unnecessary impurities, such as graphite and DLC (diamond-like carbonaceous), on a substrate -- And the diamond layer fixed [ a 
quality's ] can be formed efficiently. A manufacture of an electron, electric materials, etc., such as highly efficient diamond 
covering members (for example, diamond tools, wear-resistant members, etc., such as a cutting tool and an abrasive tools) and a 
diamond semiconductor device of a high property Or it is related with the synthesis method of the suitable diamond for the 
manufacture field of various kinds of diamond use material or products, such as a manufacture of the quality diamond [ itself]. 
[0002] 

[Description of the Prior Art] Since a degree of hardness and abrasion resistance are high, the diamond is used abundantly as 
objects for tools, such as cutting and polishing, etc. Moreover, since it has the property which was excellent also in the electrical 
property, promising ** is carried out also as a material of a semiconductor device etc. In order to correspond to such intended use 
industrially, it is necessary to use a synthetic diamond, without being dependent on an expensive natural diamond, therefore the 
development of the technique which mass-production-izes a quality diamond while maintaining a fixed quality is demanded 
strongly. 

[0003] Thus, in recent years, the inclination to use a synthetic diamond is increasing, it doubles with this, and a development and 
improvement of a diamond of a synthesis method have become increasingly important. ED for putting in practical use the 
diamond covering member which the research of the technique made to form as a thin film by vapor phase synthetic methods, 
such as C VD, is briskly performed on various kinds of substrates, and obtained the diamond by this vapor phase synthetic method 
especially as a cutting tool, an abrasive tools, a sliding member, or a semiconductor device is advanced. According to this vapor 
phase synthetic method, a reduction and mass-production-izing of a manufacturing cost are expectable. 

[0004] However, usually, carbonaceous components other than a diamond called graphite and DLC (diamond-like carbonaceous) 
are contained in many cases, therefore a quality deteriorates or there is a trouble of not becoming fixed in the diamond layer 
obtained by the vapor phase synthetic method. Moreover, the device for making formation of a diamond layer easy, for raising a 
productivity is required. In a conventional method, as shown below, it has fully come to solve these points. 
[0005] That is, since a diamond layer cannot be formed with sufficient adhesion in forming a diamond layer by the vapor phase 
synthetic method on a substrate if it remains as it is to a substrate, it is common to form a diamond layer, making the initial 
nucleus of a diamond generate on a substrate, and using [ damage and process using mechanical technique, for example, a 
diamond abrasive grain etc., ] this as a growing point, however, the technique depending on such surface-crack attachment 
processing has the in addition inadequate generation luminous efficacy of a diamond - etc. - for the ground, as a industrial 
producing method, it is dissatisfied, and there is a problem are hard to maintain the quality also with the fixed product obtained 
[0006] As technique of improving this, negative bias voltage is impressed to a substrate, a plasma treatment is earned out using 
the mixed gas of the methane containing high-concentration methane, and hydrogen, and the method of making a diamond nucleus 
generate with high density is proposed [Appl.Phis.Lett., 58 (10), 1036-1038 (1991)]. However, in this conventional method, 
since the synthetic conditions of a diamond are not the optimum, the quality diamond layer is not obtained. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention is made in order to improve the aforementioned situation. Efficient 
moreover the purpose of this invention can make the quality diamond layer with few unnecessary impurities, such as graphite and 
DLC (diamond-like carbonaceous), form with sufficient adhesion on the field of various kinds of substrates, and is to offer the 
practically remarkable synthesis method of an advantageous diamond which has the advantage of being able to mass-produce 
easily a highly efficient diamond covering member or the quality diamond with little dispersion in a quality. 
[0008] 

[Means for Solving the Problem] As a result of repeating a research zealously that the aforementioned trouble should be solved, 
where negative bias voltage is impressed to a substrate, this invention person Carbon inclusion compounds, such as methane Or it 
processes with the plasma of the mixed gas which consists of this carbon inclusion compound and hydrogen. If a diamond layer is 
formed by the vapor phase synthetic method on this substrate, using as material gas the gas or this gas which is beyond the 
specific value that has an oxygen component to a carbon component comparatively (atomic-ratio: O/C), and the mixed gas of the 
specific composition of hydrogen after making a substrate generate a diamond nucleus with high density It found out that the 
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quality diamond layer (that is, quality diamond) with them was obtained efficiently. [ few / non-diamond components, such as 
graphite and DLC (diamond-like carbonaceous), are remarkable, and ] Moreover, by there being also no dispersion in a quality 
and obtaining what the quality fixed, mass-production-izing is easy for this technique, and it turns out that it is the manufacture 
technique of a remarkable advantageous diamond and a diamond product industrially. 

[0009] This invention persons mainly came to complete this invention based on the above-mentioned knowledge. That is, after 
this invention impresses negative bias voltage to a substrate and processes it with the plasma of the mixed gas of a carbon 
inclusion compound or a carbon inclusion compound, and hydrogen, it is the synthesis method of the diamond characterized by 
making a diamond layer form in this substrate by the gaseous-phase method which uses as a raw material mixture of the gas or 
this gas by which the ratio (atomic ratio) of an oxygen atom / carbon atom has 0.3 or more composition, and hydrogen gas. 
[0010] In the technique of this invention, as quality of the material of the aforementioned substrate, there is especially no limit, 
can choose suitably what is regularly used for formation of the diamond layer by the well-known vapor phase synthetic method, 
and various kinds of things (for example, various kinds of metals, an alloy, cemented carbides, semiconductors, a ceramics, glass, 
etc.), and can use them. When some examples are shown, they are WC system cemented carbides, such as a WC-Co system, TiN, 
and Si3 N4, for example. Various things, such as semimetals and semiconductors, such as oxides, such as carbide system 
ceramicss, such as a nitride system ceramics of a grade, and SiC, TiC, aluminas, and glass, and silicon, can be mentioned. 
[001 1] In the technique of this invention, before performing this synthesis of a diamond or a diamond layer, it is important for the 
aforementioned substrate to perform specific pretreatment (for this specific pretreatment to be hereafter called a negative bias 
impression plasma treatment or plasma treatment), i.e., the plasma treatment using the mixed gas of a carbon inclusion compound 
or a carbon inclusion compound, and hydrogen at least. 

[0012] If it is gas which is independent about a carbon inclusion compound at least, or contains carbon inclusion gas and 
hydrogen gas as the aforementioned mixed gas used for this negative bias impression plasma treatment, the thing regularly used as 
general diamond synthesis gas or an usable thing can be used. 

[0013] As this carbon inclusion compound, they are various hydrocarbons (specifically). Alkanes, such as methane, ethane, a 
propane, butane, a pentane, and a hexane Alkenes, such as ethylene, a propylene, a butene, and a pentene, benzene, A variety of 
hydrocarbons, such as cycloalkanes, such as aromatic hydrocarbons, such as toluene, a cyclopentane, and a cyclohexane, and 
oxygenated hydrocarbons (specifically) Alcohols, such as a methanol, ethanol, propanol, ethylene glycol, and benzyl alcohol, 
Ketones, such as an acetone, a methyl ethyl ketone, a cyclohexanone, and an acetophenone a variety of oxygen inclusion 
hydrocarbons, such as ether, such as carboxylic acids, such as an acetic acid and a propionic acid, a wood ether, diethylether, and 
a tetrahydrofuran, and CO and C02 etc. -- various carbon inclusion compounds can be mentioned In addition, methane, a 
methanol, an acetone, CO, etc. can be especially illustrated as a desirable thing also in these. In addition, these may be used by 
kind independent, and may carry out and use together mixing two or more sorts etc. 

[0014] As the technique of the aforementioned plasma treatment which plasma-izes the mixed gas of the aforementioned carbon 
inclusion compound or a carbon inclusion compound, and hydrogen, there is especially no limit and the plasma-treatment method 
by various kinds of technique, such as a plasma-ized method used for the vapor phase synthetic method of a common diamond or 
a diamond layer, can apply it. Specifically, there are a microwave plasma C VD method, a RF plasma C VD method, a heat 
filament method, the efficient consumer response method, etc., and they can be, and these combination methods etc. can be 
mentioned. Also in these, the plasma-treatment method by the microwave plasma C VD method etc. is adopted especially suitably. 

[001 5] Conditions as usual can perform as a reaction condition of this plasma treatment, and, specifically, the pressure of the 
system of reaction can be suitably performed by selecting suitably the domain of 10-3 - 103 Torr, and substrate temperature in the 
domain of room temperature -1,100 degree C . 

[00 1 6] A DC bias is made to become the domain which is -500-5 V as negative bias voltage impressed to the aforementioned 
substrate, for example. Moreover, the method which impresses an RF independent or RF+ DC bias is suitably adopted so that it 
may become the domain whose bias voltage is -500-5 V. 

[0017] By giving a plasma treatment to a substrate as mentioned above, a substrate can be made to be able to generate the initial 
nucleus of a diamond efficiently with high density, and the substantial generation rate of a diamond layer can be remarkably raised 
by this. 

[0018] In the technique of this invention, although a diamond layer is made to form in the substrate (plasma-treatment substrate) 
which performed the aforementioned plasma treatment by the vapor phase synthetic method, it is important that the ratio of an 
oxygen atom / carbon atom uses the raw material of the specific composition of the mixture of the gas which has composition of 
0.33-2.0 preferably 0.3 or more or this gas, and hydrogen gas in that case. 

[001 9] It is good also as mixture which the ratio of an oxygen atom / carbon atom can mention the mixture of carbon inclusion 
compounds, such as a compound which consists of various kinds of carbon and oxygen, or a hydrocarbon, and various kinds of 
oxygen inclusion compounds, such as oxygen and water, etc., may be an independent compound, and becomes from two or more 
sorts of components as gas which has 0.3 or more composition here, the compound which consists of the aforementioned carbon 
and oxygen here ****** ~ the oxygen inclusion hydrocarbons of the various kinds of the aforementioned instantiation for 
example, and CO and C02 etc. -- it can mention 

[0020] It is desirable to use also in these the mixture of the gas whose composition (atomic ratios O/C) in the compound itself is 
0.3 or more, or this gas and hydrogen gas as the aforementioned raw material. When some desirable examples of the 
aforementioned raw material used for synthesis of the diamond layer by this gaseous-phase method are shown, it is H2 as an 
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acetone (0/C = about 0.33) and CO (O / C= 1), for example. Mixed gas, C0+C02 (2>0 / C< 1), and H2 Mixed gas, the mixed 
gas of methane +CO, and methane +C02 Mixed gas etc. can be illustrated. 

[0021] If the ratio (atomic ratio) of an oxygen atom / carbon atom uses the mixture of the gas which has less than 0.3 
composition, or this gas and hydrogen gas as a raw material of a diamond layer here It becomes impossible to fully decrease the 
content of a non-diamond component called graphite and DLC (diamond-like carbonaceous) in the diamond layer to generate. It 
becomes impossible to be unable to obtain a desired quality diamond layer (diamond), but to fully attain the puipose of this 
invention. 

[0022] for example, an ethyl methyl ketone and methane -- when atomic ratios O/C use the mixture of less than 0.3 gas and 
hydrogen gas as a raw material like, the diamond of a high grade cannot be compounded 

[0023] Thus, about why it is obtained, the diamond, i.e., the quality diamond layer, of a high grade, if atomic ratios O/C use the 
material gas which comes to mix 0.3 or more gas or this gas, and hydrogen gas with hydrogen gas, although there is also a point 
which is not necessarily clear, the following grounds can mainly be considered. Namely, since the initial nucleus generated on the 
substrate by the aforementioned plasma treatment also contains the non-diamond component besides the diamond component, as 
for the diamond compounded on it, crystallinity falls reflecting a substratum. Here, by making an oxygen atom contain in material 
gas at a fixed rate, the etching reaction by the oxygen can be made to be able to compete, the non-diamond component in an initial 
nucleus can be eliminated, and, as a result, the purity of a diamond or crystallinity can be understood to be what can improve now 
remarkably. 

[0024] In addition, in the technique of this invention, if synthesis (namely, formation of a diamond layer) of the aforementioned 
diamond uses the above-mentioned specific raw material, about other points, there is especially no limit and it can be performed 
like the synthesis method of the diamond by the conventional gaseous-phase method, or a diamond layer. 
[0025] For example, as a means to obtain the aforementioned material gas which excites material gas and contains the carbon of 
an excitation state, technique better known than the former, such as a plasma CVD method, a spatter, an ionization vacuum 
deposition, an ion beam vacuum deposition, the heat filament method, and a chemical transport, can be used, for example. 
[0026] In using the describing [ above ] plasma CVD method, the aforementioned hydrogen forms a plasma by irradiation of a RF 
or microwave, and in using CVD, such as the aforementioned chemical transport and the heat filament method, the 
aforementioned hydrogen forms an atomic hydrogen by heat or electric discharge. This atomic hydrogen has the operation which 
removes the carbon of graphite structure separated simultaneously with a precipitation of a diamond. 
[0027] In case of synthesis of a diamond, inert gas can also be used as a carrier of the aforementioned material gas. As an 
example of inert gas, argon gas, neon gas, gaseous helium, xenon gas, nitrogen gas, etc. are mentioned. These may be used by 
kind independent and may be used combining two or more sorts. 

[0028] In case of diamond synthesis, a reaction advances under the following conditions and diamonds separate on a base 
material, namely, - the case where a plasma CVD method is used, for example although it cannot generally determine, since the 
temperature of the front face of the aforementioned base material changes with excitation meanses of the aforementioned material 
gas - usually - room temperature - 1,200 degrees C is 450 degrees C - LI 00 degrees C preferably When this temperature is 
lower than a room temperature, the rate of sedimentation of a diamond may become slow, or the carbon of an excitation state may 
not generate. On the other hand, when higher than 1 ,200 degrees C, the diamond deposited on the base material may be shaved by 
etching, and the enhancement in a rate of sedimentation may not be seen, reaction pressure - usually - 10-3 - 103 torr - it is 1 - 
800torr preferably When reaction pressure is lower than 10-3 torr, the rate of sedimentation of a diamond becomes slow, or a 
diamond stops separating. On the other hand, even if it makes it higher than 103 torr, the effect equivalent to it is not acquired. A 
diamond layer can be suitably formed on the predetermined base-material side which carried out the aforementioned negative bias 
impression plasma treatment as mentioned above. 

[0029] It is [ that what is necessary is just to make into a suitable thickness suitably the thickness of the aforementioned diamond 
layer made to form according to the puipose of use etc. ] good to usually select in the domain of 0.2-100 micrometers in this 
meaning, although there is especially no limit. By fully not obtaining the covering effect by the diamond layer, if this thickness is 
too thin not much, on the other hand, when too not much thick, secession of sublation of a diamond layer etc. may arise according 
to a service condition. In addition, when using it by severe conditions, such as a cutting tool, it is usually suitable to select this 
thickness in the domain of 0.5-50 micrometers. 

[0030] The diamond (namely, quality diamond layer) of a high grade can be made to form efficiently on various kinds of 
substrates by the technique of this invention as mentioned above. Moreover, according to this technique, there is also no 
dispersion in a quality and diamond use products, such as a quality diamond fixed [ a quality's ] or a diamond covering member, 
are obtained, furthermore, mass-production-izing of a diamond or its product is very easy for this technique -- etc. -- it also has 
the advantage and is remarkable advantageous technique industrially as a manufacture of a diamond and various kinds of diamond 
use products 
[0031] 

[Example] Hereafter, although the example and its example of a comparison of this invention explain this invention more 
concretely, this invention is not limited to these examples. 

[0032] (Example 1) While substrate temperature was made into 900 degrees C, using n type silicon wafer as a substrate, the 
voltage of -100 v of a direct current was impressed to this substrate, and the substrate front face was processed for 5 hours by the 
plasma which introduced the mixed gas of methane 20sccm and hydrogen gas 50sccm in the reactor, set reactor internal pressure 
to 20torrs, irradiated the microwave of output 350W, and was generated as gas for processing. 
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[0033] Thus, the substrate which it processed [ substrate ] and made the initial nucleus of a diamond generate was put on the 
susceptor in a reactor, the mixed gas of carbon monoxide (O / C= 1) lOsccm and hydrogen 90sccm was introduced into the 
reactor as material gas, internal pressure was made at 40torrs, substrate temperature was made into 900 degrees C, microwave 
with a frequency of 2.45GHz was introduced, and the synthetic reaction of the diamond thin film by the plasma C VD method was 
performed for 4 hours. 

[0034] Consequently, the thickness of the obtained diamond thin film is 3.2 micrometers, and the peak strong against l,333cm-l 
resulting from a diamond was seen as a result of the Raman analysis of this thin film. Half- value width is 1 Ocm- 1 and generation 
of the diamond of a high grade was checked. 

[0035] (Example 2) As diamond synthetic-powder gas, outside which used the mixed gas of acetone (O / C= 0.33) 5sccm and 
hydrogen 95sccm was carried out like the example 1 . The thickness of the generated diamond thin film was 2.4 micrometers, and 
half- value width of purity was high at 1 2cm- 1 . 

[0036] (Example 3) As diamond synthetic-powder gas, outside which used the mixed gas of methane 5sccm and C02 5sccm was 
carried out like the example 1 . The thickness of the generated diamond thin film was 2.6 micrometers, and half- value width of 
purity was high at 1 1 cm- 1 . 

[0037] (Example 1 of a comparison) As diamond synthetic-powder gas, outside which used the mixed gas of methyl-ethyl-ketone 
(O / C= 0.25) 5sccm and hydrogen 95sccm was carried out like the example 1 . As for half- value width, 20cm- 1 was not enough 
as purity although the thickness of the generated diamond thin film was 2.8 micrometers. 

[0038] (Example 2 of a comparison) As material gas, outside which used the mixed gas of methane (O / C= 0) 5sccm and 
hydrogen 95sccm was carried out like the example 1 . The thickness was 1 .9 micrometers, and the peak of 1 ,333cm- 1 was very 
weak and was dominant. [ of the peak of the 1 ,550cm- 1 neighborhood which shows a non-diamond component ] 
[0039] 

[Effect of the Invention] After according to this invention having performed specific pretreatment called a negative bias 
impression plasma treatment to the substrate and making the initial nucleation of a diamond generate with high density on a 
substrate, On this substrate, the gas beyond the value of specialization [ the ratio (atomic ratio) of an oxygen atom / carbon atom ] 
Or since the specific technique of making a diamond (diamond layer) form by the gaseous-phase method using the material gas of 
the specific composition of the mixture of this gas and hydrogen gas is used Efficient moreover, the quality diamond layer (that is, 
crystalline good diamond of a high grade) with few unnecessary impurities (non-diamond component), such as graphite and DLC 
(diamond-like carbonaceous), can be made to form with sufficient adhesion on the field of various kinds of substrates. The 
practically remarkable synthesis method of an advantageous diamond which has the advantage of being able to mass-produce 
easily a highly efficient diamond covering member or the quality diamond with little dispersion in a quality can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The synthesis method of the diamond characterized by for the ratio of an oxygen atom / carbon atom using as a raw 
material mixture of the gas or this gas which has 0.3 or more composition, and hydrogen gas, and making a diamond form by the 
gaseous-phase method on this substrate after impressing negative bias voltage to a substrate and processing with the plasma of 
the mixed gas of a carbon inclusion compound or a carbon inclusion compound, and hydrogen. 



[Translation done.] 
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